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© Beta-lactams as anticholesterolemic agents. 

© Compounds of formula (I), which are useful as antihypercholesterolemic agents, are disclosed. 
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^-LACTAMS AS ANTICHOLESTEROLEMIC AGENTS 



BACKGROUND OF THE INVENTION 

Hypercholesterolemia is known to be one of the prime risk factors for ischemic cardiovascular disease, 
such as arteriosclerosis. Bile acid sequestrants have been used to treat this condition; but they seem to be 
moderately effective but they must be consumed in large quantities, i.e., several grams at a time, and they 
are not very palatable. 

MEVACOR® (lovastatin). now commercially available is one of a group of very active antihyper- 
cholesterolemic agents that function by limiting cholesterol biosynthesis by inhibiting the enzyme. HMG- 
CoA reductase. Another approach to limiting cholesterol biosynthesis is through inhibition of the enzyme 
HMG-CoA synthase. 

Copending U.S. patent application S.N. 053.774. filed May 26, 1987. corresponding to EP-A-0293132. 
discloses certain ^-lactones of formula (i) 



R 3 




CD 



which are useful as antihypercholesterolemic agents and are believed to function by inhibiting HMG-CoA 
synthase. Additional ^-lactones which have antihypercholesterolemic activity are disclosed in copending 
U.S. patent applications S.N. 021,848. filed March 4, 1987, corresponding to EP-A-0285254, and S. N. 
053.646. filed May 26. 1987, corresponding to EP-A-0293128. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to compounds of structural formula (I): 




CD 



wherein: 
Q is 

a. Ci - 5 alkyl. 

b. Cs-io aryl or Cs-to heteroaryl including one heteroatom selected from N, O. or S; 

c. C7-15 aralkyl or C7-15 heteroaralkyl; 

d. Cs-io aryl or C6-10 heteroaryl substituted with W; 

e. C7-15 aryl or C7-15 heteroaryl wherein the aryl or heteroaryl moiety is substituted with W; 

f. OH; R 3 and Rs are independently selected from: 
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a. H. 

b. Ct-s hydroxyalkyl, 

c. C1-5 alkyl. 

d. Ci -5 alkoxy, 

e. C 2 -e alkenyl. R* is CHRoR; 

Ro is H, C1-5 alkyl, phenyl or phenyl C1-5 alkyl; 
R is 

a. O-(C0)p2-(A)pi-Ri. 

b. OSO2R1, 

c. ARi . 

d. R together with Ro and the C to which it is attached form 

f. 



e. R together with Ro and the C to which it is attached form 



pi and p 2 are independently 0 or 1; provided that p, and p 2 are not both O; 
Ri is 

a. H, 

b. aryl, or a heteroaryl group of 5 to 10 atoms, including one to two heteroatoms, selected from: 




c. phenyl S(0) n wherein n is 0 to 2, 

d. C3-& cycloaikyi; B is O, N or S; 
A is 

a. 



CH, 
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-C-C-, 



70 



75 



20 



25 



c. NH; R 2 is 

a. H, 

b. Ci -s alkoxy, 

c. Ci -s alkyl, 

d. OH, 

e. OC(0)CH 3 ; W is 

a. Ct-s alkyl, 

b. Ci -5 alkoxy, 

c. N0 2 , 

d. NHR 3 . 

e. C1-3 alkylS(0)p 3 

f. halogen, 

g. COOR 3 . 

h. OCOR3. 

i. NHCOR3. 
j. NHSO2R3, 

k. NHS02phenyl; X. Y, and Z are independently selected from: 

a. H, 

b. halogen, 

c. Ci -5 alkyl 

d. Ci -5 alkoxy, 

e. Ci -5 alkoxycarbonyl 

f. Ci -s alkylcarbonyloxyamino, 

g. amino, 

h. phenoxy, 

i. phenyl Ci -5 alkoxy, 
j. C1-5 alkylS0 2 NH, 
k. N0 2 . 

I. diphenylmethyloxycarbonyl, 
m. Ci -5 alkylthio, 
n. aminocarbonyl. 
o. carboxy, 
p. Ci -salkenyloxy 
q. Ci -5alkylamido, 
r. trifluoromethyl. 

One embodiment of the present invention are those compounds of formula (I) wherein: 
R is 0-(CO) P3 -(A)ptRi or OSO2R1. and R 0 and R 5 are H. 
45 In one class of this embodiment are those compounds wherein R is 0-(CO) P2 -(A)pi -R, . 

In one subclass are those compounds wherein P, is O and P 2 is 1 and Q is 4-methylphenyl or OH. 
Exemplifying this subclass are the compounds of formula (I) described in Table I. 
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TABLE I 



10 



75 



CONFIGURATION 
AT 3, 4 
POSITION? 



84 



1% 



20 



25 



30 



35 



40 



45 



50 





CH 3 CH 2 - 


S-th^nylCOjD^- 


7.1 


X 


NT 7 






3-««than*sul f onwn doph«ny 1-C0 2 CH 2 - 


2.5 


X 


10-* 




CH 3 CH2- 


2-ni trophenyl C0 2 CH 2 - 


2.3 


X 


10-* 






4^)yHdyK0 2 CK2- 


6.2 


X 


10-* 


iii 




2-pyridy1C0 2 CH 2 - 


5.4 


X 


10-* 


tii 


CH 3 CH 2 - 


5-(2-*»«thoxypyHdyl )C0 2 CH 2 - 


4.1 


X 


10- 8 


ti* 


CH 3 CH 2 - 


2-furanylC0 2 CH 2 - 


7.9 


X 


10- 9 


til 


CH 3 CH 2 - 


2-<5-n-butylpyHdyl )C0 2 CH 2 - 


4.5 


X 


10-* 


3S.4S 


CH 3 CH 2 - 


4-*«thoxyph«nyl COgC^- 


3.0 


X 


10-* 


3R.4R 


CH 3 CH 2 - 


4-«#thoxyph«nyl C0 2 CH 2 - 


2.0 


X 


10- 7 




CH 3 CH 2 - 


3-nl troph€nylC0 2 CH 2 - 


3.9 


X 


io-« 




CH 3 CH 2 - 


2-CH 3 S0 2 NHph*ny 1 COjO^- 


3.1 


X 


10-* 


tia 


CH 3 CH 2 - 


4-py ri daz i nyl C0 2 CH 2 - 


8.2 


X 


10-* 


til 


CH 3 CH 2 - 


2-WH 2 phenylC0 2 CK 2 - 


3.1 


X 


io-« 




CH^- 


3-fur«nylC0 2 CH 2 - 


3.2 


X 


10- 7 




CH 3 CH 2 - 


2-^uinoHnylC0 2 CH 2 - 


2.1 


X 


io-« 






4-b«nzoxyphtnyl C0 2 CH 2 - 


4.0 


X 


10-* 


cii 


CH 3 CH 2 - 


4-qui nol i nyl C0 2 CH 2 - 


2.5 


X 


10-* 


six 


CH 3 CH 2 - 


2-thitnylC0 2 CH 2 - 


3.8 


X 


10-* 


iii 


CH 3 CH 2 - 


3-(2-ph«noxypyHdyl )C0 2 CH 2 - 


3.3 


X 


10-8 



55 
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TABLE 1 



CONFIGURATION 








AT 3, 4 










POSITIONS 




k 




u. 






S-CKjCONHphany 1 COjCHj- 


7.2 x 10~* 


v. 


sli 




S-NHjph^nylCOjO^- 


4.5 x 10" 8 


w. 


cii 


CH 3 CH 2 - 


4-( < Ph ) 2 COOC ) phany 1 C0 2 CH 2 - 


6.2 x 10- 6 




til 


CH 3 CH 2 - 


4-«0OCph€nylC0 2 CH 2 - 


3.5 x 10~ 7 


y- 


til 


CH 3 CH 2 - 


4-N0 2 ph«nylC0 2 CH 2 - 


2.8 x 10" 8 


z . 


til 


CH 3 CM 2 CH 2 - 


- 4-CH 3 0ph«ny 1 C0 2 CH 2 - 


6.95 x 10" 3 


aa. 




HOCH 2 - 


4-CH 3 0phenylC0 2 CH 2 - 


1.8 x TO" 7 


bb. 


til 


• CH 3 CH 2 - 


3-pyridylC0 2 CH 2 - 


6.4 x 10" 8 


cc. 


til 


CH 3 CH 2 - 


4-CH 3 0phenylC0 2 CH 2 - 


3.0 x 10" 8 


dd. 


til 


CH 3 CH 2 « 


ph«nylC0 2 CH 2 - 


1.1 x 10~ 7 


ee. 


til 


CH 3 CH 2 - 


3-CoumarylC0 2 CH 2 - 


5.0 x 10" 8 


f f . 


til 


CH 3 CH 2 - 


2«benzof urany 1 C0 2 CH 2 - 


3.3 x 10- 8 


99- 


s,s 


CH 3 CH 2 - 


2-furanylC0 2 CH 2 - 


1.1 x 10" 3 


hh. 


til 


CH 3 CHCH 3 - 


4-m«thoxypheny 1 C0 2 CH 2 - 


1.3 x lO" 7 


i i . 


til 


CH 3 CH 2 - 


4-CH 3 0 2 Cpheny ] C0 2 CH 2 - 


8.5 x 10~ 9 


jj. 


til 


CH 3 CH 2 - 


4-n-butyl carbamoyl phanyl C0 2 CH 2 - 


2.0 x lO"" 8 


kk. 


til 


CH 3 CH 2 - 


4-ami nopheny 1 C0 2 CH 2 - 


4.7 x 10- 6 


11 . 


iii 


CH 3 CH 2 - 


3-«e t hox y-4-a 1 1 y 1 ox y-5-n U ro- 










phtnylC0 2 CH 2 - 


1.6 x 10" 7 


wm. 


til 


CH 3 CH 2 - 


3-e*thoxy-4-allyl 0 xy-5-<»athyl- 










aaai do ) phany 1 C0 2 CH 2 - 


3.0 x 10" 7 


nn. 


ill 


CH 3 CH 2 - 


^-wathanasulfonamidophtnylCOjC^- 


1.6 x lO -8 


00 . 


til 


CH 3 CH 2 . 


5-< 2 . Z-4 i wathoxy py r i dy 1 ) C0 2 CH 2 - 


3.8 x 10" 8 


pp. 


til 


CH 3 CH 2 - 


6-(2 t 3-Hii»«thoxypyr1dyl)C0 2 CH 2 - 


8.9 x 10*" 8 


qq. 


til 


CHjCHj- 


4-(2-awthoxythU2oly)C0 2 CH 2 - 


4.5 x 10" 8 


rr. 


trans 


CHjCHjCh^- 


4-CH 3 0pheny 1 COjjO^- 


3.5 x lO^ 8 


SS. 


trans 


HOCh^- 


4-CH 3 0phanylC0 2 CH 2 - 


1.5 x 10" 7 


tt. 


trans, 


CH 3 CH 2 - 


4-CH 3 0ph«nylC0 2 CH 2 - 


1.7 x lO" 7 



In a second subclass are those compounds of formula (I) wherein pi is 1 and p 2 is 1. Exemplifying this 
subclass are the compounds of formula (I) described in Table II. 
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TABLE II 

5 



10 




CONFIGURATION 



AT 3. 4 





POSITIONS 


*2 






a . 


£±£ 


CH 3 CH 2 - 


4-.CH 3 0phenyKrCC0 2 CH 2 - 


9.5 x TO" 9 


b. 


tii 


CH 3 CH 2 - 


4-CH 3 0pheny 1 CH 2 C0 2 CH 2 - 


3.5 x NT 8 


c. 




CH 3 CH 2 - 


3-pyridylCH 2 C0 2 CH 2 - 


3.5 x KT 8 


d. 


3S.4S 




phany l-( R )-CHOCH 3 C0 2 CH 2 - 


1.8 x KT* 


e. 


4$ 


H 


ph«ny 1 -( $ J-CHOCRjCOjCHj- 


4.2 x KT 8 


f . 


4$ 


H 


pheny 1 -< R ) -CHOCH 3 C0 2 CH 2 - 


s.o x icr 8 


9- 




CH 3 CH 2 - 


pheny 1 - ( R ) -CMOCH 3 C0 2 CH 2 - 


6.7 x KT 8 


h. 


£is. 


CH 3 CH 2 - 


3-pyridylC=CC0 2 CH 2 - 


3.1 x lO"" 8 


i. 


3S.4S 




3-pyH dy 1 CHjCO^Hg- 


8.7 x 10~ 9 


J. 


3S.4S 




4-**thoxyph«ny 1 O^COjCHj- 


6.6 x 10~ 9 


k. 


3S.4S 


CH 3 CH 2 - 


4-^thoxyphtnyl CrCC0 2 CH 2 - 


1.1 x 10" 6 


1 . 




CH 3 CH 2 - 


2-fur«nylCH2C0 2 CH 2 - 


2.4 x NT 6 


fi. 




CHjCHj,- 


2-f urany 1 CrCCOjO^- 


2.5 x lO* 7 


n. 


jtii 




ph»noxyCH2C0 2 CH 2 - 


2.4 x 10" 8 



45 



50 
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TABLE II 

CONFIGURATION 
AT 3, 4 





POSITIONS 




h 




lea 


0. 


six 




S-^tthyl-^thoxyphtnylO^COjO^- 


2.1 


X 


10- 9 


p- 


six 


CH^- 


2-pjr1dylO* 2 C0 2 CH 2 - 


1 


X 


10- 8 


q- 


six 




phenyltMoCHjCOjCHj- 


4.2 


X 


lO" 8 


r. 


£ii 


CH 3 CH 2 - 


4— t thoxypheny 1 O^R^O^- 


2.2 


X 


10- 8 


$. 




0< 3 0*2- 


3 f 4,S-tr<»*thoxyph«ny10i 2 C0 2 CH 2 - 


2.0 


X 




t. 


six 


CH 3 CH 2 - 


3 . 4 , 5-tHmethoxyphenyl CsCCO^r^- 


3.8 


X 




u . 


iii 


0< 3 CH 2 - 


3-bromo—4-propanoxy-5-methoyoxy- 














phto y lC=CC0 2 CH 2 - 


9 


X 


lO" 8 


v , 


tli 


P H 3 CH 2- 


4-methyl phenyl ami noCOjCh^- 


5.2 


X 


10-* 


w . 




CH 3 CH 2 - 


cycl ohexyl ami noC0 2 O4 2 - 


5.4 


X 


10- 8 


X . 


£ia 


o^c^- 


4-tH f 1 uoromethyl phenyl amino- 














C0 2 CH 2 - 


2.6 


X 


io- 7 


y« 


£ii 


CH 3 CH 2 - 


3, 4-di me thoxypheny IO4CO2 CH 2 - 


3 


X 


10- 8 


z . 




CH 3 CH 2 - 


6-(2,3-^i»ethoxypyHdyl )C=CC0 2 CH 2 - 


2.7 


X 


io-« 


aa. 


ili 


CRjCHj- 


4-f 1 uorophenylami noC0 2 CH 2 - 


5.0 


X 


10" 8 



30 

Double bonds within the R 4 moiety are *n the trans configurations. 

In a second class of this embodiment are those compounds wherein R is OSO2R1. Exemplifying this 
35 class is the compound described in Table III. 



40 



45 



50 
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TABLE III 



10 




75 



20 CONFIGURATION 

AT 3, 4 



25 



POSITIONS fi 3 ICjjj 

£li CH 3 CH 2 - 4-Ci; 3 phenylS0 2 0CH 2 - 1.1 x 1(T 7 



In a second embodiment of the present invention are those compounds of formula (I) wherein: 
30 R is 0-(CO)p2-(A)p!-Ri. ARi or R together with Ro and the C to which it is attached form 



35 



P: and P2 are independently 0 or 1, provided that Pi and P2 are not both zero: 

Ro is H. CH 3 . or phenyl; provided that when R is 0-(CO) P2 -(A)- P1 -Ri , R 0 is CH 3 or phenyl; 

R s JS H. 

40 In one class of this embodiment are the compounds wherein: 

jto 

R is -C • C - R x or — <^-^£ - R 3 

Ro is H t or CH3. Exemplifying this class are the compounds in Table IV. 

50 



55 
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TABLE TV 



5 



10 



15 




20 



CONFIGURATION 
AT 3.4 
PQ5TIQNS 



-1% 



25 



30 



35 



^0 



a. 


trans 




ph*ny1C=C- 


1.5 


X 




b. 


ill 


Cr^CHjCr^- 


phenyl C=C- 


2.2 


X 


ID" 6 


c. 


trans 


HOCH 2 - 


phanylCrC- 


1.1 


X 


10- 6 


d. 




HOCH 2 


ph#nylC=C- 


1.1 


X 


10- 6 


e. 


trans 


CH 3 CH 2 - 


phenyl C=CCH 3 


5.0 


X 


10" 5 


f . 




CH 3 CH 2 - 


ph«nylCsCCH 3 


4.3 


X 


!0- 7 



In a second class are the compounds wherein: 
R is 0-<CO) P2 -(A)pi-Ri or ARi ; 

Ro is H, CH 3 or phenyl; provided that when R is 0-(CO)p2-(A)pi-Ri , R 0 is CH3 or phenyl. 

Further illustrating this class are those compounds wherein Pi is 0. Exemplifying this class are the 
compounds of table V. 



45 



50 



55 
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TABLE V 



10 



15 




20 



CONFIGURATION 
AT 3. 4 

POSITIONS fi a 



25 



30 



35 



1% 





CH 3 CH 2 - 


4-H0 2 Cph«ny1NHCH 2 - 


9.9 


X 


io-« 


Li* 


CH 3 CH 2 - 


phenyKH 2 CH 2 - 


8.6 


X 


io-* 


£is 


CH 3 CH 2 - 


4-CH 3 0ph»nyl CO^HCHj 


1.2 


X 


io- 7 


iii 


CH 3 CM 2 - 


phenyl CH 2 (!hCH 3 
4-CK 3 0phtnyl C0 2 CHph«ny1 


1.75 


X 


io- 7 




CH 3 CH 2 - 


2 


X 


IO" 6 




H 


phenyl JHCMCH 3 
OCOCH 3 


4.9 


X 


IO" 7 




H 


CH 3 C0 2 CH 2 CHCH 3 


2.9 


X 


io- 7 



40 A third embodiment of the present invention is represented by those compounds of formula (I) wherein: 
Ro is H. CH 3 or CH 2 phenyl; 
Rs is Ci-5 alkyl, or C1-5 alkoxy; and 

R is 0-(CO)p2-(A)pi-Ri , ARt, or R together with R 0 and the C to which it is attached form 



45 



1 



f. 

' ( \^/* - Ri or 



50 



C - R i; 



Pi and P2 are independently 0 or 1; provided that both Pi and P2 are not both zero. Exemplifying this 
embodiment are those compounds of formula (I) described in Table VI. 



55 
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TABLE VI 



10 



75 







h 


h 


h 




20 


a. 


CH 3 


CH 3 


phenylO^CH^ 


1.8 x NT 6 




b. 


CH 3 


CH 3 


phenyl CO^tjHO^phiny 1 


4 x 1<T 7 




c. 


CH 3 


CH 3 


ph«nylOteCH- 


6.8 x TO- 7 


25 


d. 


CH 3 


CH 3 


phenyl CH-CK- 


1.1 x 1<T 7 



30 



35 



40 



The alkyi groups referred to above may be straight chain or branched or may include cycloalkyl groups. 
Halogen or halo means fluoro, chloro, bromo or iodo. 

The non-optically active compounds of the present invention may be prepared according to Scheme I. 
Trimethylsilyl amine is added to an a,0 unsaturated aldehyde to form an imine which is then condensed 
with an ester moiety for form a 0-lactam of formula (1-1). Compound (1-1) may. under ozonolysis conditions, 
be converted to the aldehyde (1-2) or the alcohol (1-3) or (1-1) may be reduced to compound (I-4) which can 
be sulfonated at the lactam nitrogen. Compound (1-1) may also be converted to the epoxide which can be 
converted to esters of formula (I-6). The aldehyde compound (I-2) may be treated with a Grignard reagent 
to form compounds of formula (I-7) where Ro is methyl or phenyl or benzyl. The alcohol (I-3) can be 
protected at the hydroxyl group, then sulfonated, deprotected and treated with an acylating agent to form 
compounds of formula (I-9) or an isocyanate* to form compounds of formula (i-10). In the alternative the 
acylation at the hydroxyl group may precede the sulfonation at the lactam nitrogen. 

Substituents on an aryl moiety either in R or R can be formed after acylation or sulfonation by 
conversion of aryl substituents such as -NO2 to -NH2 followed by further conversion of amino to an amide 
or sulfonamide functionality. 



45 



50 



55 
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SCHEME I 




°CX-7> 
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R> 

R, 



o o 

R a -£ r^" 0 b f 9 ^aW-C a K > -CO a t - Bu 



I ^N-CsHj-CXOC-BU Rs j | 



O 

CI-2) 



H^/Pd/c 



R, H R s H 

Ra-j j^N-CeHj-COjH R s -| ["''^N-CaHs-COaC-Bu 

J ^C^R 11 _ JBOjR' 1 



° TFA 



<^\>H R,-j S*\sV 

J — !« *-bucch,),sici yj^ I 

I' 



CI-3) - inlda2olQ 

|R- SOjCl 



j-^^p. — J— w 

4 • • n=c-o N?* DMAP 

Xp' cooh 
o N o 

4 H SOgR* J KSOjR- 



The optically active compounds of the present invention can be prepared as outlined in Scheme II. 



R 
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&CHEHE-U 

5 



15 



20 



25 



30 



35 




Cii-1) 

40 

Where the cis R.R stereoisomer is desired it may be formed in the above sequence by employing D- 
aspartic acid in~piace of L-aspartic acid. The alcohol (11-1) may be further converted to the corresponding 
alkyl halide with retention of configuration. 

The present invention is also directed to a method of inhibiting cholesterol biosynthesis which 
45 comprises the administration to a subject in need of such treatment a nontoxic, therapeutically effective 
amount of a compound represented by the following general structural formula (I) and pharmaceutical^ 
acceptable salts thereof. 

The present invention is also directed to a method of inhibiting the activity of HMG-CoA synthase 

enzyme which comprises the administration to a subject in need of such treatment a nontoxic, 
50 therapeutically effective amount of a compound represented by the general structural formula (I) and 

pharmaceutical^ acceptable salts thereof. 

Specifically the compounds of this invention are useful as antihypercholesterolemic agents for the 

treatment of arteriosclerosis, hyperlipidemia. familiar hypercholesterolemia and the like diseases in humans. 

They may be administered parenterally in the form of a capsule, a tablet, an injectable preparation or the 
55 like. Doses may be varied, depending on the age, severity, body weight and other conditions of human 

patients but daily dosage for adults is within a range of from about 20 mg to 2000 mg (preferably 20 to 100 

mg) which may be given in two to four divided doses. Higher doses may be favorably employed as 

required. 
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The pharmaceutical^ acceptable salts of the compounds of this invention include those formed from 
cations such as sodium, potassium, aluminum, calcium, lithium, magnesium, zinc, and from bases such as 
ammonia, ethylenediamine, N-methylglucamine. lysine, arginine, ornithine, choline, N.N -diben- 
zylethylenediamine, chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, diethylamine, 
5 piperazine. tris(hydroxymethyl)aminomethane, and tetramethylammonium hydroxide. 

The compounds of this invention may also be coadministered with pharmaceutical^ acceptable 
nontoxic cationic polymers capable of binding bile acids in a non-reabsorbable form in the gastrointestinal 
tract. Examples of such polymers include cholestyramine, colestipol and poly[methyl-(3- 
tri meth y lam inopropyl)i mi no-trim ethylene dihalide]. The relative amounts of the compounds of this invention 
io and these polymers is between 1:100 and 1:15,000. 

The intrinsic HMG-CoA synthase inhibition activity of the compounds of this invention is measured by 
the standard in vitro protocol described below: 

The livers' from male Charles River CD rats (225-350 g) were homogenized in 0.25 M sucrose which 
was adjusted with phenylmethylsulfonylfluoride (PMSF) and N-p-tosyM -lysine chloromethyl ketone (TLCK) 
;5 so that the final concentration of each was 50 and 25 mg/ml, respectively. The homogenate was centrifuged 
at 15,000 x g for 20 minutes, the supernatant filtered through a fine nylon screen to remove most of the fat 
layer and recentrifuged at 100,000 x g for 1 hour. This supernatant was removed and 1 M potassium 
phosphate, dithiothreitol (DTT) and ethylene giycolbis(£-amtnoethyl ether-N.N.N .N -tetraacetic acid (EGTA) 
added to give a final concentration of 0.1 M (pH 7.2), 0.5 mM and 0.1 mM, respectively. Solid ammonium 
20 sulfate was added to 50% saturation to the protein solution, it was centrifuged at 15.000 x g and the 
supernatant discarded. This precipitated protein could be stored at -70* C for at least one month with very 
little loss of activity. The ammonium sulfate precipitate was dissolved in an minimal amount of 0.06 M 
potassium phosphate buffer (pH 7.2) containing 0.5 mM dithiothreitol and 0.1 mM EGTA (referred to as 0.06 
M phosphate buffer) and dialyzed overnight against 2 liters of the same buffer to remove the ammonium 
25 sulfate and to inactivate HMG-CoA lyase [Clinkenbeard, et ai.. J. Biol. Chem. 250, 3108-3116(1975)]. 

The dialyzed extract was added to a column of DEAE-52 (Whatman) which had been equilibrated with 
0.06 M phosphate buffer (10 mg of protein to 1 ml bed volume of the resin). The DEAE-cellulose was eluted 
'with 0.06 M phosphate buffer until the optical density at 280 nm was essentially zero. This fraction 
contained the £-ketoacetyl-CoA thiolase activity. The HMG-CoA synthase was eluted from the column with 
30 0.1 M phosphate buffer (pH 7.2) containing 0.5 mM DTT and 0.1 mM EGTA, and was virtually free of ail 
thiolase activity. The protein was precipitated by the addition of ammonium sulfate to give 50% saturation. 
This solution was stirred for 10 minutes at 4* C and the precipitate collected by centrifugation at 15,000 rpm 
for 10 minutes. The supernatant was discarded and the precipitate dissolved in a minimum of 0.06 M 
phosphate buffer, pH 7.2 (about 10 ml) and the enzyme stored at -80* C. 

35 

. HMG-CoA Synthase Inhibition Assay 

Enzyme protein (ca. 24 mg) was added to a solution containing 117 uM Tris-HCI (pH 8.0), 11.7 uM 
40 MgCI 2l 1.17 uM ethylenediaminetetraacetic acid (EDTA), 0.58 uM dithiothreitol, and the indicated con- 
centrations of the test compound (added as a 2 mg/ml solution in dimethylsulfoxide). The incubation took 
place in a volume of 0.085 ml at 30* in a shaking water bath. After 5 minutes. 15 ml of a solution containing 
acetoacetyl-CoA and 0.1 uCi of 1 -[**C]-acetyl-CoA was added to give a final concentrations of 0.1 and 0.4 
uM, respectively. The incubation was continued for 10 more minutes and the reaction stopped by the 
45 addition of 50 ml of the assay mixture to 0.2 ml of 6N HCI in a glass scintillation vial. The vial was heated 
for 1 hour at 120* after which time 0.2 ml more of 6N HCI was again added to each vial and the heating 
continued for another hour. Following this, 1.0 ml of 0.9% saline was added to each vial and finally 10 ml of 
scintillation liquid. Radioactivity was determined in a Packard Tri-Carb liquid scintillation counter. 
Percent inhibition is calculated by the formula: 

50 

1 - Sample - ^ 
Control-Blank 

55 

ICso values were determined by plotting the log of the concentration of the test compound verses the 
percentage inhibition and fitting a straight line to the resulting data by using the least squares method. 

The following examples illustrate the preparation of compounds of formula (I) and as such are not to be 



16 



EP 0 415 487 A2 



considered as limiting the invention set forth in the claims appended hereto. 

Example 1 

5 

Preparation of (s)-cis-3-Ethyl-4-hydroxymethyl-2-azetidinone 



10 

Method I: 



Step A: Generation of N-Trimethylsilyl Imine Solution: 

75 

To a cooled solution of 10.54 ml (50 mmol) of 1,1.1.3,3,3- hexamethyldisilazane in 36 ml of anhydrous 
THF at -78* C was added 19.24 ml (48.1 mmol) of 2.5 M n -butyllithium in hexane in one portion. The 
resulting solution was stirred for 30 minutes at -78* C and to this solution was then added dropwise 5.7 ml 
(45.4 mmol) of cinnamaldehyde in 12 ml of THF. The mixture was stirred for 1 1/2 hours and the resulting 
20 cold solution of N-trtmethyisilyl imine was used directly in the following reaction. 



Step B: Preparation of (±)-cis-3-Ethyl-4-(/3-styryl)-2-azetidinone 

25 To a cooled solution of 7.26 ml (51.7 mmol) of diisopropylamine in 40 ml of THF at -78* C was added 
21 ml (52.5 mmol) of 2.5 M n -butyllithium. The solution was stirred for 10 minutes at -78* C then 15 
minutes at room temperature followed by the addition of 6 ml (45.4 mmol) of ethyl butyrate in 12 ml of THF. 
After stirring for 1 hour at -78* C, to this solution was added dropwise the above generated (Step 3A) cooled 
solution of N-trimethylsilyl imine. The resulting mixture was stirred at -78* C for 1 hour then at room 

30 temperature for 2 hours, quenched with 300 ml of cooled 1 N HCl, and extracted with 3 x 100 ml ether. The 
ether phases were combined, dried and concentrated. The product was purified by flash column chromatog- 
raphy (R f = 0.25. 30% EtOAc in hexane) to afford the product ^-lactam. 

NMR (CDCb): 5 1 00 (3H, t), 1.48-1.88 (2H, m), 3.32 (1H, m), 4.40 (1H, m). 6.12 (1H, s), 6.24 (1H, dd). 6.64 
(1H, d), 7.21-7.38 (5H, m). 

35 

Step C: Preparation of (s)-cis-3-Ethyl-4-hydroxymethyl-2-azetidinone 



A solution of 13 g (64.5 mmol) of (^)-cis -3-ethyl-4-(j9-styryl)-2-azetidinone in 400 ml of CH 2 Cl2 was 
40 ozonized at -78* C until the solution turned~~biue. The resulting solution was stirred for 20 50 minutes at 
-78* C then 30 minutes at room temperature. The solution was recooled to -78* C and to this solution was 
added 14 ml (190 mmol) of methyl sulfide. After stirring for 10 minutes at -78* C and minutes at room 
temperature, the solution was concentrated and the residue was redissolved in 400 ml of methanol and 
cooled to 0*C. 5.5 g (149 mmol) of sodium borohydride was added slowly to the cooled solution. The 
45 resulting mixture was stirred for 20 minutes at 0*C then 1/2 hour at room temperature and concentrated. 
The product was purified by flash column chromatography to yield the titled compound. 
NMR (CDCb): 5 1.08 (3H. t). 1.50-1.89 (2H. m), 3.17 (1H, m) 3.66-4.00 (3H, m), 6.89 (1H, s). 

so Method II: 

To a solution of 500 mg of (t)-cis -3-ethyl-4-benzyloxycarbonyl-2-a2etidinone (2.1 mmol) in 20 ml of 
anhydrous THF was added dropwise" 1.0 ml of 2M lithium borohydride-THF solution. The mixture was 
stirred at room temperature for 5 hours and quenched with 1.5 ml of methanol dropwise in the cold. The 
55 mixture was concentrated and the residue purified by preparative tic on silica gel plates developed with 
ethyl acetate to give the titled compound. 
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Example 2 



5 Preparation of (±)'Cis-3-Ethyl-4-hydroxymethyl-N>toluenesulfonyl-2'a2etidinone 

Step A: Preparation of (^KiS'3"Ethyl«4-t-buty<dimethylsilyioxymethyh2"azetidinone 

10 187 mg of (i)-cis -3-ethyl4-hydroxymethyl-2-azetidinone, 300 mg of imidazole, and 300 mg of t - 

butyldimethylsilyl chloride in 3 ml dry dimethylformamide (DMF) were stirred at room temperature for 2 
hours. The mixture was concentrated to dryness and 25 ml of H 2 0:EtOAc (2:3) were added. The mixture 
was washed 3 times with 3 ml of H 2 0 to remove DMF and imidazole and then dried over Na2SO* and 
concentrated to yield the titled compound as white crystals. NMR (CDCI 3 ): S 0.06 (6H, s). 0.89 (9H, s), 1.06 

75 (3H, t), 1.48-1.88 (2H, m), 3.14 (1H, m), 3.56-3.90 (3H. m), 5.86 (1H, brs). 

Step B: Preparation of (t)-cis-3-Ethyl-4-t-butytdimethylsilyloxymethyl-N-toluenesulfonyl-2-azetidinone 

20 The product of Step 2A and 300 mg of tosyl chloride were dissolved in 10 ml of 1% tetrabutylam- 
monium bromide solution (CH 3 CN:CH^Cl2 = 1:19). 100 mg KOH was added and the mixture stirred for one 
hour. The mixture was filtered and the filtrate concentrated to give the crude product. NMR (CDCb): 5 0.07 
(6H, d), 0.88 (9H, s), 1.04 (3H, t), 1.8 (2H. m), 2.44 (3H, s), 3.15 (1H, m), 3.84-4.16 (3H, m), 7.4 (2H, d). 7.9 
(2H. d). 

25 

Step C: Preparation of (t)-cis-3-Ethyl-4-hydroxymethyl-N-toluenesulfony{-2-azetidinone 

To the product of Step 2B (100 mg) dissolved in 2 ml of THF was added 150 ul of aqueous HF, and 
30 the mixture stirred at room temperature for 4 hours. The mixture was filtered through silica and washed with 
1:1 EtOAc/aq. NaHC03 and dried over Na2S(V The mixture was filtered and concentrated to a colorless oil 
which was flash chromatographed to yield the title compound. NMR (CDCI 3 ): 5 1.04 (3H, t), 1.50-192 (2H, 
m), 2.47 (3H, s), 2.65 (1H. brs), 3.15 (1H. dt), 3.80-4.15 (3H, m), 7.40 (2H. d). 7.90 (2H, d). 



Example 3 



40 Preparation of (t)-cis-3-Ethyl-4-p-methoxyphenytacetoxymethyl-N-toluenesulfonyl-2-azetidinone 

To (i)-cis -3-ethyl-4-hydroxymethyl-N-toluenesulfonyl-2-azetidinone (3.3 mg) and p-methox- 
yphenylaceti<T~acid (3.7 mg) in CH2CI2 (0.6 ml) was added dicyclohexylcarbodiimide (DCC) (5 mg) followed 
by p -dimethylaminopyridine (DMAP) (1 mg). The mixture was stirred overnight, at room temperature and 
45 then" purified via preparative tic on a silica gel plate and developed with CH2CI2 to yield the titled 
compound. NMR (CDCI3): 5 0.94 (3H, t). 1.22-1.74 (2H, m), 2.44 (3H, s). 3.18 (1H, dt), 3.45 (2H, q). 3.79 
(3H, s), 4.20-4.50 (3H, m), 6.98 (4H t dd), 7.61 (4H, dd). 

so Example 4 



Preparation of (t)-cis-3-Ethyl-4-(2-phenyl)ethyl-2-azetidinone 

To (±)-cis -3-ethyl-4-(£-styryl)-2-azetidinone (28 mg) in 2 ml of EtOAc was added 3 mg of 10% Pd/C. 
The mixture was hydrogenated at room temperature and 1 atmosphere. (H2 consumed = 0.000139 moles). 
The solution was filtered and the filtrate concentrated and purified by preparative tic, to yield the titled 
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compound. NMR (CDCI3): 5 1.06 (3H. t). 1.45-2.08 (4H. m) 2.70 (2H, dt). 3.11 <1H. dt) 3.70 (1H, m) 5.70 (1H. 
brs) 7.10-7.39 (5H, m). 

Example 5 



Preparation of cis-(3S),(4S)- 3-Ethyl-4-[(R)-tt-methoxyphenylacetoxy]m 
and cis-(3R),(TR)3¥fryl-4-[(R)-q-methoxyph 



Step A: Preparation of cis(±)-3-Ethyl-4-{(R)-a-methoxyphenyiacetoxy]metfiyl-2-a2etidinone 



To (±)-cis -3-ethyl-hydroxymethyl-2-azetidinone (26 mg) and R-(-)-a-methoxyphenylacetic acid (54 mg) 
in CH2CI2 (6~ml) was added DCC (62 mg) followed by addition of p -dimethylaminopyridine (12 mg). The 
mixture was stirred at room temperature overnight and the filtrate concentrated and purified via preparative 
tic on a silica gel plate (1500 11) and developed with CH 2 CI 2 halfway and then EtOAc:CH 2 CI 2 = 1:1 to yield 
the titled compound. NMR (CDCb): 5.1.00 and 1.01 (3H, 2t). 1.2-1.8 (2H t m). 3.15 (1H, m). 3.21 (3H, s). 3.79 
(1H, m), 4.15 (1H, m), 4.38 (1H. m). 4.80 (1H, s), 5.61 (1H, brs), 7.40 (5H, m). 

Step B: Preparation of cis(t)-3-Ethyl-4>{(R)-Q-methoxyphenylacetoxy]methyl-N-toluenesulfonyl-2-a2etidinone 



To the product of Step 5A (20 mg) in 0.8 ml of 1% tetrabutyl ammonium bromide solution 
(CH 3 CN:CH 2 CI 2 , 1:19) (TBAB solution) was added excess tosyl chloride and pulverized KOH. The mixture 
was stirred at room temperature for 36 hours. The mixture was then filtered and concentrated and the 
residue purified by preparative tic on a silica gel plate (1500 u) developed halfway with CH 2 CI 2 and then 5- 
10% EtOAc in CH 2 CI 2 , to yield the titled compound. NMR (CDCb): 5 0.78 and 0.88 (3H. 2t), 1.00-1.70 (2H, 
m). 2.45 and 2.47 (3H, 2s) f 3.1 (1H. m), 3.38 and 3.42 (3H, 2s). 4.10-4.38 (2H, m), 4.40-4.60 (1H, m). 4.49 
and 4.80 (1H, 2s), 7.20-7.97 (9H, m). 



Step C: Separation of cis-(3S) t (4S)-3-Ethyl-4>[(R)>a«methoxyphenyiacetoxy]methyl-N-toluenesulfonyl-2- 
azetidinone and cis-(3R)T4R)-3-Ethyl-4-[(R)-g-methoxyphenylacetoxy]methyl-N-toluenesulfonyl-2»azetidinone 



The product of Step 5B (3.6 mg) in CH 2 CI 2 (0.25 ml) was spotted dropwise on 2 silica gel plates (250 
u) and developed with: . 
E:OAc:Hexane = 1:9 4 times 
EtOAc:Hexane = 1:8 2 times 
EtOAc:Hexane = 1 :7.5 once 

to give the (3S),(4S) titled compound (high R f ); NMR (CDCb): 5 0.88 (3H, t). 1.14-1.70 (2H, m), 2.45 (3H, s), 
3.1 (1H. m), 3.42 (3H, s). 4.12-4.38 (2H, m), 4.48-4.60 (1H, m), 4.80 (1H, s). 7.20-7.90 (9H, m); and the (3R)- 
,(4R) titled compound (low R t ) NMR (CDCI3): 5 0.78 (3H. t), 1.00-1.78 (2H, m), 2.47 (3H, s), 3.1 (1H, m), 3.38 
(3H, s), 4.10-4.38 (2H, m), 4.40-4.60 (1H, m), 4.49 (1H, s), 7.20-7.96 (9H, m). 



Example 6 



Preparation of cis-(3S),(4S)-3-Ethyl-4«hydroxymethyi-N-toluenesulfonyl-2-azetidinone and trans-(3R),(4S)-3- 
Ethyl-4-hydr6xymethyl-N-toluenesulfonyl-2-azetidinone 



Step A: Preparation of (3S)-3-Benzyloxycarbonylamino-2-ethyl-«y-butyrolactone 



The titled compound was prepared from N-CBZ-L-aspartic acid in three steps via the formation of N- 
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CBZ-L-aspartic acid anhydride and (3S)-3-benzyioxycarbonylamino--rbutyroiactone according to the pub- 
lished procedure by Y. Takahashi et al Chem . Pharm . Bull 34 , 3020 (1986). 



5 Step B: Preparation of (3$)-3-Benzyioxycarbonylamino>4-t-butyldimethylsilyloxy-2-ethylbutyric acid 

To a solution of (3S)-3-Benzyloxycarbonylamino-2^thyl~y-butyrolactone (24 g) in 300 ml of methanol 
was slowly added 100 ml of 1 N NaOH at 0* C. The mixture was stirred at 0-5* C for 25 minutes and then 
at room temperature for 20 minutes. Methylene chloride was added (2 x 150 ml) followed by the addition of 

w 2.5 N HCI to bring the pH of the aqueous layer to 6.0. Ethyl acetate (900 ml) was added to the aqueous 
solution and the EtOAc layer concentrated to an off-yellow oil. The aqueous layer was brought to pH = 3.0 
and then extracted again with EtOAc. The two ETOAc extracts were conbined and dried over Na 2 SOi and 
concentrated to a yellow oil which then crystallized in an ice bath. 

The crystallized product was combined with 75 g t -butyldimethyisilyl chloride and 70 ml of 

;s triethylamine and 400 ml of DMF and stirred for 2 hours. The precipitated salts were filtered and the filtrate 
stirred for 30 minutes and then concentrated to 100 ml. An ethyl etherrwater (1000 ml:200 ml) mixture was 
added and the ether layer concentrated to a yellow oil which was then dissolved in 500 ml of methanol. The 
mixture was stirred at 0* C and 100 ml of 1 N HCI added and stirred for 15 minutes at 0 # C and 10 minutes 
at room temperature. 80 ml of 1 N NaOH was added to bring the pH to 5.0 and the mixture concentrated to 

20 200 ml. The ETOAc layer was washed with sat. NaCI and dried and concentrated to a brown oil. The crude 
solid was purified by flash chromatography to yield the titled compound. NMR (CDCI3): 5 0.07 (6H, s), 0.86 
(9H, s), 0.80-1.12 (2H, m), 1.5-1.9 (2H, m), 2.56 (1H, m), 3.68 (1H, m), 3.98 (1H t m). 4.25-4.50 (1H, m), 5.12 
(2H, s). 5.26 (1H, d), 7.36 (5H, s). 

25 

Step C: Preparation of (3S)-3-Amino-4-t-butyldimethylsilyioxy-2-ethylbutyric Acid 



To a solution of the product of Step 6B in 500 ml of methanol was added 2.0 grams of 10% Pd/C and 
the mixture hydrogenated over hydrogen at 40 psi. The catalyst was removed by filtration and the solution 
30 concentrated to a colorless oil. The oil crystallized in ether/hexane. The solid was broken up, filtered and 
washed with ether to yield the titled compound which was employed in the next step. 



Step D: Preparation of (4S)-4-t-Butyldimethylsilyloxymethyl-3-ethyl-2-azetidinone 



The product from Step 6C (8.0 g), 11.0 g of triphenylphosphine, 8.8 g of 2.2'-dipyridyl disulfide in 3 
liters of CH 3 CN were heated for 4 hours. The mixture was concentrated to dryness, redissolved in CH2CI2 
and stirred at 0'C with the addition of 16 ml of Et 3 N and 20 ml of CH 3 I. The mixture was stirred for 30 
minutes at 0 * C and concentrated to dryness. Ether (500 ml) was added and the insoluble salts filtered off. 

40 The ether solution was concentrated to a reddish oil and the crude product flash chromatographed using 
the following solvent gradient: 
1 I 30% CH 2 CI 2 /hexane 
1 i 50% CH 2 Ci 2 /hexane 
1 I CH 2 CI 2 

45 500 ml ether 

to yield the titled product. 

NMR (CDCI3): 8 0.06 (6H, s), 0.88 (9H, s). 1.06 (3H, t), 1.50-1.86 (2H, m), 3.14 (1H, m), 3.58-3.86 (3H, m), 
5.86 (1H, brs). 

50 

Step E: Preparation of (4S)-4-t-Butyldimethyisilyloxymethyl-3-ethyl-N-toluenesulfonyl-2-azeti dinone 

The product of Step 6D (2.0 g), 20 g of tosyl chloride and 1.2 g of powdered KOH were stirred in 120 
ml of 5% CH 3 CN in CH 2 CI 2 containing 1% tetrabutylammonium bromide, at 0*C for 15 minutes, then room 
55 temperature for 90 minutes. The mixture was chromatographed (CH 2 CI 2 :hexane:ether = 3:7:1) to yield a 3:1 
cis : trans mixture. NMR (CDCI3): 5 0.07 (6H, s), 0.87 (9H, s) 1.05 (3H. t), 1.58-1.94 (2H, m). 2.45 (3H, s), 
3.15 (1H, m), 3.82-4.14 (3H, m), 7.36 (2H, d), 7.88 (2H, d). 
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Step F: Preparation of cis-(3S),(4S) -3-Ethyl-4-hydroxymethyl'N"toiuenensutfonyi'2-azetidinone and trans- 
( 3^,(^)-3-Ethyt-4-hy<Foxym ~ 

The mixture from Step 8E was dissolved in 50 ml of THF and 1.0 g of tetrabutylammonium fluoride and 
2.0 ml of 50% HF were added. The mixture was stirred at 0*C for 30 minutes, then room temperature for 
18 hours. Saturated NaHCOa solution was added to neutralize the reaction mixture followed by ether/H 2 0 
with stirring for 30 minutes. The mixture was filtered, concentrated to dryness and dissolved in ether/EtOAc. 
The mixture was flash chromatographed to yield the cis (S.S) and trans (R.S) isomers. 

NMR of cis isomer (CDCI 3 ): 5 1.04 (3H, t). 1.5-1.9 (2H, m), 2.47 (3H, s) t 2.70 (1H, dd). 3.15 (1H, dt). 3.82- 
4.12 (3H. m), 7.38 (2H, d), 7.90 (2H, d). 

NMR of trans isomer (CDCI 3 ): 5 0.92 (3H, t), 1.32-1.94 (2H, m), 2.46 (3H, s), 2.49 (1H. m), 3.80-4.30 (3H. m), 
4.78 (1H, m), 7.36 (2H, d), 7.78 (2H. d). 



Example 7 



Preparation of cis-(3S),(4S)-3-Ethyl-4-m-pyridine acetoxymethyl-N-toluenesulfonyl-2-azetidinone 

cis -(3S),(4S)-3-Ethyl-4-hydroxymethyi-N-toluenesulfonyl-2-azetidinone (137 mg) and 70 mg of 3- 
pyridyfacetic acid, 125 mg of DCC, and 5 mg of DMAP in 5 ml CH2CI2 were stirred at room temperature for 
18 hours. The mixture was worked up and the product crystallized from ETOAc/hexane. 

NMR (CDCI3): 5 0.97 (3H, t). 1.3-1.8 (2H, m). 2.44 (3H. s), 3.20 <1H, dt). 3.60 (2H. s). 4.2-4.6 (3H. m). 7.2-7.9 
(8H, m). 



Example 8 



Preparation of cis-{3R).(4R)-3-Ethyl-4*hydroxymethyl-N-toiuenesulfonyl-2-azetidinone and trans-(3S),(4R)-3- 
Ethyl-4-hydroxymethyl-N-toluenesuifonyl-2-azetidinone ~ 

Using N-CBZ-D-aspartic acid in place of N-CBZ-L-aspartic acid and employing the procedure of 
Example 6 the titled compounds were obtained. 



Example 9 



Preparation of (£) cis-3-Ethyl-4-hydroxycarbonylphenyiaminomethyl-N-toluenesulfonyl-2-azetidinone 



Step A: Preparation of (±)-cis-3-Ethyl-4-(^-styryl)-N>toluenesuifonyl-2-azetidinone 



70 mg of (i)-cis -3-Ethyl-4-(0-styryl)-2-azetidinone was dissolved in 3 ml of TBAB solution; 100 mg of 
tosyl chloride and 20 mg KOH were added and stirred at 0*C for 15 minutes, and then room temperature 
for one hour. The crude product was chromatographed on a silica column using 20% ETOAc in hexanes as 
eluent to give the titled compound. 

NMR (CDCb): 5 0.96 (3H, t). 1.40-1.86 (2H, m), 2.43 (3H, s), 3.32 (1H, m), 4.76 (1H, m), 5.92 (1H, dd). 6.73 
(1H. d). 7.29 (7H, m), 7. 81 (2H, d). 



Step B: Preparation of (±)-cis-3-Ethyl-4>formyl-N-toluenesulfonyl-2-azetidinone 

The product of step (9A) was dissolved in 5 ml of a 2:1 mixture of CH2CI2 and methanol. The mixture 
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was stirred at -78* C and ozone was bubbled in until a blue color presisted. The mixture was stirred at 
-78 *C for 30 minutes and then room temperature for 30 minutes. Dimethyl sulfide (200ul) was added and 
the mixture stirred at room temperature for 1 hour. TLC showed the absence of starting material. The 
solution was concentrated to give the crude titled compound without further purification. 

5 

Step C: Preparation of Schiff Base: 

To the mixture of step (9B) was added methanol (0.8 ml) and 20 mg. of t -butyl-p -aminobenzoate and 
io 5 mg toluenesulfonic acid and the mixture stirred at room temperatur for 18 hours, to~yield the crude Schiff 
base. 



Step D: Preparation of (±) cis-3-Ethyl-4-t-butoxycarbonylphenylaminomethyl-N-toluenesulfonyl-2'azetidinone 

75 ~~ —————— ^ ™ 

The product of step (9C) was hydrogenated at 40psi in the pressence of 10% Pd/C. Flash chromatog- 
raphy gave the crude titled product. 



20 Step Preparation of (i) cis-3-Ethy l-4-hydroxycarbony I- phenylaminomethyl-N-toluenesulfonyl-2- 

azetidinone ^ ~" 

The tert -butyl moiety was cleaved using 30% trifluoroacetic acid (TFA) in CH2CI2 for 5 hours to give 
the titled compound. 

25 

Example 10 



30 

Preparation of (±)-3.3-Dimethyl-4-(1 ,2-epoxy-2-phenyl)ethyl-N-toluenesulfonyl-2-azetididinone 
Step A: Preparation of (t)-3.3-Dimethyl-4-(l ,2-epoxy-2-phenyl)ethyl-2-azetinone 

35 

To 670 mg of (±)-3>Dimethyl-4-(£-styryl)-2-azetidinone in 10 ml of CH 2 CI 2 was added 616 mg of m - 
chloroperbenzoic acid. The mixture was stirred overnight, and filtered. The filtrate was purified via prep.llc 
on silica gel plates developed with CH 2 Cl 2 :hexane (1:1). The impure product was further purified" via prep, 
tic on silica gel plates developed with EtOAcihexane (2:3) to give the titled compound. NMR (CDCl3)T5 1.28 
40 (3H, s), 1.40 (3H, s), 3.1 (1H. dd), 3.26 (1H, d), 3.69 (1H, d), 6.17 (1H. brs). 

Step B Preparation of (±)«3 t 3«Dimethyl-4-(1,2*epoxy-2-phenyl)ethyl«N-toluenesulfonyl-2-azetidinone 

45 To 25 mg (±)-3,3-Dimethyl-4»(1 ,2-epoxy-2-phenyl)ethyl-2-azetidinone in 0.3 ml of TBAB solution was 

added 120 mg of tosyl chloride and 20 mg of pulverized KOH. The mixture was stirred at room temperature 
overnight. The mixture was filtered and the filtrate purified via prep, tic on silica gel (1000u) developed with 
hexane:CH 2 CI 2 (1:4) to give the titled compound. 

NMR (CDCb): 5 1.21 (3H. s), 1.25 (3H. s), 2.45 <3H, S). 3.06 (1H, dd). 3.51 (1H, d), 3.82 (1H. d), 7.2-7.5 (7H, 
50 m), 7.60 (2H, m). 



Example 1 1 



Preparation of (±V3,3-DimethyM>(1>benzoyloxy>2>phenyl)ethyl>N-toluenesulfonyl- 2-azetidinone 
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Step A Preparation of (^)-3 t 3'Dimethyi"4-(l-hydroxy-2"phenyl)ethyh2"azetidinone 

A solution of 64 mg of (±)-3.3-Dim3thyM-(1.2-epoxy-2-phenyl)ethyl-2-azetidinone in 5 ml of EtOAc was 
hydrogenated at 1 atm. in the presence of palladium for 1 hour. The mixture was filtered through a celite 
pad washed with EtOAc/MeOH. The filtrate was concentrated to give the titled compound. 
NMR (CDCI 3 ) 5 1.28 (3H, s), 1.34 (3H, s) 2.64 (1H, dd). 2.86 (1H, dd), 3.30 (1H. d), 3.87 (1H, t). 6.05 (1H, s). 
7.0-7.5 (5H, m). 



Step B: Preparation of (±)-3.3-Dimethy)-4-(l-benzoyloxy-2-phenyl)ethyl-2-azetidinone 



To 25 mg of the product of step (11 A) in 0.5 ml of CH 2 CI 2 was added 0.2 ml of pyridine and then a 
solution of 0.1 ml of benzoyl chloride in 0.2 ml of CH2CI2. The mixture was stirred at room temperature for 
2 hours and concentrated. The residue was pumped to dryness and purified via prep, tic on silica gel 
(1500a) developed with 10% EtOAc in CH 2 CI 2 to give the titled compound. 

NMR (CDCI3): 5 1.24 <3H, s), 1.33 (3H. s). 3.06 (2H, ddd), 3.58 (1H, d). 5.50 (1H. dd). 5.61 (1H, m), 7.1-7.7 
(8H, m), 8.0 (2H, dd). 



Step C: Preparation of (±)-3,3-Dimethyl-4-(l-benzoyloxy-2-phenyl)ethyl-N~toluenesulfonyl-2-azetidinone 



To the product of step (11B) in 0.2 ml of TBAB solution was added 50 mg of tosyl chloride and 10 mg 
of pulverized KOH and the mixture stirred at room temperature overnight. The mixture was purified via prep, 
tic on silica gel (1000u) and developed with CH 2 Ci 2 halfway and then 2% ETOAc in CH 2 Ci 2 to give the 
titled compound. 

NMR (CDCIa): 5 3.14 (3H, s). 3.15 (3H. s), 2.40 (3H, s), 3.24 (2H, ddd), 4.03 (1H, d), 5.36 (1H, m), 7.2-7.6 
(10H, m), 7.70 (2H, dd). 7.89 (2H. d). 



Claims 

1. A compound of structural formula (I) 



wherein: 
Q is 

a. Ci -5 alkyl, 

b. C6-10 aryl or Ce-to heteroaryl including one heteroatom selected from N. O. or S; 

c. C7-5 aralkyl or C7-1S heteroaralkyl; 

d. C*-io aryl or C6-10 heteroaryl substituted with W; 

e. C7-1S aryl or C7-15 heteroaryl wherein the aryl or heteroaryl moiety is substituted with W; 

f. OH; 

R3 and Rs are independently selected from: 

a. H. 

b. Ci -5 hydroxyalkyl. 

c. C1-5 alkyl, 

d. Ct -5 alkoxy, 

e. C 2 -s alkenyl; 
R* is CHRqR: 

Ro is H, C1-5 alkyl. phenyl or phenyl C1-5 alkyl; 




CD 
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R is 

a. 0-<C0)p2-<A) p1 -R,, 

b. OSO2R1. 

c. AR1 , 

d. R together with Ro and the C to which it is attached form 

fo 
-C-C-R i; 

e. R together with Ro and the C to which it is attached form 

-t.C-Rj : 

pi and P2 are independently 0 or 1; provided that Pi . and p2 are not both 0; 
Ri is 

a. H, 

b. aryl, or a heteroaryl group of 5 to 10 atoms, including one to two heteroatoms, selected from 




x 



c. phenyl S(0) n wherein n is 0 to 2, 

d. C3-5 cycloaikyl; 
B is O, N or S; 

A is 

a . CH 



1 2 

b. -C«C- t 

C. NH; 
R 2 is 
a. H, 
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b. C1-5 alkoxy, 

c. Ct -5 alkyl. 

d. OH, 

e. OC(0)CH 3 ; 
5 W is 

a. Ci-s alkyl, 

b. Ci -5 alkoxy. 

c. N0 2 . 

d. NHR 3 . 

w e. Ci -3 alkylS(0)p 3 

f. halogen, 

g. COOR 3 . 

h. OCOR3. 

i. NHCOR 3 . 
is I NHS0 2 R 3 . 

k. NHS0 2 phenyl; 

X, Y, and 2 are independently selected from: 

a. H. 

b. halogen, 
20 c. Ci -5 alkyl 

d. Ci -5 alkoxy, 

e. C1-5 alkoxycarbonyl 

f. C1-5 alkylcarbonylamino, 

g. amino, 
25 h. phenoxy, 

i. phenyl Ci-s alkoxy. 
j. C-5 alkylS0 2 NH, 
k. N0 2 . 

I. diphenylmethyloxycarbonyl, 
30 m. Ci -5 alkylthio, 

n. aminocarbonyl, 

o. carboxy. 

p. Ci -saikenyloxy 

q. Ci -salkylamido. 
35 r. trifluoromethyl. 

2. A compound of Claim 1 wherein: R is 0-(CO)p 2 -(A)pi R1. and Ro and R5 are H. 

3. A compound of Claim 2 wherein pi is 0 p 2 is 1 and Q is 4-methylphenyl. selected from the group where 

in: 
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h 


CH 3 CH 2 - 


3-thi«nylC0 2 CH2- 




S-iwthantsul f onwidoph#nyl-C0 2 CH 2 


CH3CH 2 - 


2-flUrophtny 1 CC^CHj- 


CH 3 CH2- 




CH 3 CH 2 - 


2-pyridy1C0 2 CH 2 - 


CH 3 CH 2 - 


5-(2-«*thoxypyridy1 )C0 2 CH 2 - 


CH 3 CH 2 ^ 


2-foranylC0 2 CH 2 - 


CH 3 CH 2 - 


2-( S-A-butyl py H dyl ) C0 2 CH 2 - 


CH 3 CH 2 - 


4-mtthoxyph#ny 1 C0 2 CH 2 - 


CH.CH 2 - 


4-4nethpxypheny 1 C0 2 CK2- 


CH 3 CH 2 - 


3-« i t roph«ny 1 C0 2 CH 2 - 


CH 3 CH 2 - 


2-CH 3 SO 2 NHph«nylC0 2 CH 2 - 


CH 3 CH 2 - 


4-pyri dAii oy 1 C0 2 CH 2 - 


CH 3 CH 2 - 


2-NH 2 phenyK0 2 CH 2 - 


CH 3 CH 2 - 


3-fur«nylC0 2 CH 2 - 


CH 3 CH 2 - 


2-qut no! i nyl C0 2 CH 2 - 


CH 3 CH 2 - 


4-b»ntoxyphenyl C0 2 CH 2 - 


CH 3 CH 2 - 


4— qui ncl i nyl C0 2 CH 2 - 


CH 3 CH 2 - 


2-thi«nylC0 2 CH 2 ~ 


CH 3 CH 2 - 


3-(2-ph«noxypyHdyl KC^CKg- 



and the 
configuration at 
the 3.4 po sition is 

tii 
til 
til 
til 

tii 
tii 
til 
tii 
tii 
tii 

3S.4S 
3R.4R 
til 

tii 
tii 
tii 
tii 
tii 
tii 
til 
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and tht 
configuration at 





h 


B4 the 


3.4 do 


u. 


CH 3 CH 2 - 


3-CH 3 CONHph«ny 1 CO^O^- 


til 


V . 


CH 3 CH 2 - 


S-WHjphtnylCOjCHj- 


£±JL 


w . 


CH 3 CH 2 - 


4-( ( Ph ) 2 COOC )phany1 CO^Kj- 


til 


X . 


CH 3 CM 2 - 


4-HOOCphtnylC0 2 CH 2 - 


til 


y- 


CH 3 CH 2 - 


4-N0 2 phtnyK0 2 CH 2 - 


til 


z . 




4-^H 3 0phenyl CO^O^- 


111 


aa. 


HOCH 2 - 


4-CH 3 0ph«nyl C0 2 CH 2 - 


til 


bb. 


CH 3 CH 2 - 


3-pyrtdylC0 2 CH 2 - 


til 


cc. 


CH 3 CH 2 - 


4-CH 3 0phenyK0 2 CH 2 - 


til 


dd. 


CH 3 CH 2 - 


ph#ny!C0 2 CH 2 - 


til 


ee. 


CH 3 CH 2 - 


3-CoumarylC0 2 CH 2 - 


til 


ff . 


CH 3 CH 2 - 


2-b«nxofuranyK0 2 CH 2 - 


til 


99- 


CH 3 CH 2 - 


2-furany1C0 2 CH 2 - 


S.S 


hh. 


CH 3 CHCH 3 - 


4-«»«thoxyph«nylC0 2 CH 2 - 


til 


i 1 . 


CH 3 CH 2 - 


4-CH 3 0 2 Cph«ny 1 COjCH^ 


tii 


Jj. 


CH 3 CH 2 - 


4-n-buty 1 carbamoyl phenyl COjO^- 


til 


kk. 


CH 3 CH 2 - 


4-ami nopheny 1 C0 2 CH 2 - 


til 


n . 


CH 3 CH 2 - 


3-«>ethoxy-4-al1 yloxy-S-nUro- 


til 






phenylCOjO^- 




wn . 


CH 3 CH 2 * 


3-aw t ho x y-4-« 11 y 1 oxy-S- ( t hy 1 - 


tii 






ami do ) phcny 1 C0 2 CH 2 - 




nn . 


CH 3 CH 2 - 


4 itthanesul f onamt dophenyl C0 2 Ch* 2 - 


til 


00. 


CH 3 CH 2 - 


5-<2,3-d1methoxypyHdyl )C0 2 CH 2 - 


til 


PP. 




6-<2, 3-ditwthoxypyHdyl JCO^CHj- 


til 


qq. 




4>(2-«itthoxy thi azol y )C0 2 CH 2 - 


til 


rr. 


CH 3 CH 2 CH 2 - 


4-CH 3 0phanylC0 2 CH 2 - 


trans 


ss. 


HOCH 2 - 


4-CH 3 Oph»nylC0 2 CK2- 


trans 


tt. 


CK 3 CH 2 - 


4-CH 3 0phenyl C0 2 CH 2 - 


trans 



. A compound of Claim 2 wherein pi is 1 and P2 is 1, selected from the group where in: 
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R<* 





and the configuration at 
the 3.4 position is 


a. 


CH 3 CH 2 - 


4-CH 3 0phenylC = CC0 2 CH 2 - 


cis 


b. 


CH3CH2- 


4-CH 3 0phenyICH2C0 2 CH 2 - 


cis 


c. 


CH3CH2- 


3-pyridylCH 2 C02CH2- 


cis 


d. 


CH3CH2- 


phenyKRhCHOCH 3 C02CH 2 - 


S.S 


e. 


H ... . 


pheayKShCHOCH3C0 2 CH2- 


4S 


f. 


H •■ - • 


phenyl-(R)-CHOCH3C02CH2- 


4S 


g- 


CH 3 CH 2 - 


phenyHR)-CHOCH 3 C02CH 2 - 


cis 


h. 


CH3CH2-~ 


3-pyriaylC = CC0 2 CH2- *" ~. " ' 


cis 


i. 


CH3CH2- 


3-py" r K3ylCH2C0 2 CH2- 


3S.4S 


j- 


CH3CH2- 


4-methoxyphenylCH2C0 2 CH2- 


3S.4S 


k. 


CH3CH2- 


4-methoxyphenylC = CC0 2 CH 2 - 


3S,4S 


1. 


CH3CH2- 


2-furanylCH 2 C02CH2- 


Cis 


m. 


CH3CH2- 


2-furanylC = CC0 2 CH2- ... 


cis 


n. 


CH 3 CH 2 - 


.phenoxyCH2£02C.H 2 - .. - 


CIS 


o. 


CH3CH2- 


3-methyl-4-ethoxyphenylCH 2 C02CH2- 


CIS 


P 


CH3CH2- 


2-pyridylCH 2 C0 2 CH2- 


as 


q- 


CH3CH2- 


phenylthioCH 2 C0 2 CH 2 - 


CiS .* ' " 


r. 


CH3CH2- 


4-ethoxyphenylCH 2 C02CH 2 - 


CiS 


s. 


CH3CH2-' 


3,4,5-trimethoxyphenylCH2C02CH 2 - 


: CiS 


t. 


CH3CH2- 


3,4.5-trimethoxyphenylC = CC0 2 CH 2 - 


CiS 


u. 


CH 3 CH2* 


3-bromo-4-propanoxy-5-methoyoxyphenylC = CCO2CH2- 


CiS. 


V. 




d-m^thvlnhenvlaminoCO^ CH?- 


Cis 


w. 


CH3CH2- 


cyciohexylaminoCC^CHfe- 


cis 


X. 


CH3CH2- 


4-trifluoromethylphenylamino-C02CH2- 


CIS 


y- 


CH3CH2- 


3.4-dimethoxyphenylCH 2 C0 2 CH2- 


cis 


2. 


CH3CH2- 


6-(2.3-dimethoxypyridyl)C = CC0 2 CH 2 - 


CIS 


aa. 


CH3CH2- 


4-fluorophenylaminoC0 2 CH2- 


cis 



5. A compound of Claim 1 wherein: R is OSO2R1 and Ro and R 5 are H, selected from the group wherein: 





R 3 is 


R* is 


and the configuration at 


the 3,4 position is 


a. 


CH3CH2- 


4-CH 3 phenylS020CH 2 - 


cis 



6. A compound of Claim 1 wherein: R is 0-(C0)p2-(A)pi -R1 . ARi or R together with R 0 and the C to which 
it s attached form 



C-R 1 or C-C-Ri; 



P\ and P 2 are independently 0 or 1, provided that Pi and P2 are not both zero; 

Ro is H, CH 3 or phenyl; provided that when R is 0-(C0)p2-(A)pi-Ri . Ro is CH 3 or phenyl; 

Rs is H. : ; ~ ' - - . - , 

7. A compound of Claim 6 wherein: 
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5* 

Ro is H. or CH 3 . selected from the group wherein: 





R 3 is 


FU is 


and the - configuration at 








the 3 A position is 


a. 


CH3CH2CH2- 


phenylC = C- 


trans 


b. 


CH 3 CH 2 CH 2 - 


phenylC = C- 


CIS 


c: 


CH3CH2- 


phenylC = C- 


trans 


d. 


HOCH2- 


phenylC = C- 


cis 


e -. 


CH 3 CH2- 


phenylC = CCH 3 


;l. _ trans " 


f. 


CH 3 CH 2 - 


phenylC = CCH 3 


cis 











20 8. A compound of Claim 6 wherein: 
R is 0-(CO)p 2 -(A)pi-Ri or AR1 ; 

Ro is H, CH 3 or phenyl; provided that when R is 0-(CO)p 2 -(A)pi -Ri . Ro is CH 3 or phenyl. 

9. A compound of Claim 8 wherein: 

Pi is 0, selected from the group wherein: 



25 
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and the 
configuration at 
R 2 _ii H^-La tht 3.* position is 





a. 


CK 3 CH 2 - 


4-H0 2 Cph#ny 1 NHCH 2 - 




L3A 






CH 3 CH 2 C 


phenylD^CH^- 




Lii 


35 


c. ~ 


CH 3 CH 2 - 


* 4-CH 3 0ph«nyl C0 2 CHCH 3 




- £ii 






CH 3 CH 2 


phenyl CH 2 CHCH 3 




Li* 






CH 3 CH 2 - 


4-CH 3 0phtny1 COjCHphenyl 




LiX 


40 




H 


phenyl CHCHCH 3 












0COCH 3 








9- 


H 


CH 3 C0 2 CH 2 CHCH 3 







45 



50 



55 



10. A compound of Claim 1 wherein; j 
Ro is H. CH 3 or CH 2 phenyl; : \ 
Rs is C1-5 alkyl or C1-5 alkoxy; 

R is O(C0)p 2 -(A)pi-Ri, AR, or R together with Ro and the C to which it is attached form 




or C « C - R^; 



Pi and P2 are independently 0 or 1; 

provided that Pi and P 2 are not both zero; selected from the group wherein: 
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is 


a . 


CH 3 


CH3 


phenylCH 2 CH2- 


b. 


CH 3 


CH3 


phcnylC0 2 CHCH 2 phenyl 


c . 


CH3 


CH3 


phenylCH»CH- 


d. 


CH3 


CH3 


phenylCH-CH- 



0 



11. A hypocholesterolemic, hypolipidemic pharmaceutical composition comprising a pharmaceutical^ 
acceptable carrier and a therapeutically effective amount of a compound as defined in Claim 1. 
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